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A D M I N I S T R A T I V E R E C O R D

Study objective*: Due to the lack of consensus In the literature ia the use of po0tero*nteriorvs PA with right and l e f t oblique views su th« optimum radiograph rarveillwnce; methodology toinvestigate pleural changes, a study wac undertaken to evaluatv the reliability, sensitivity, andspec i f i c i ty of these two approaches.Design-' Three experienced radiologist B readers used the 1980 International Labor O f f i c edaratfication system for pncumoconioaic to independently read chest radiographs of workers withindividual identif iers masked. All radiographs were read first as a PA view only. Unknown to theB readers, each s u b j e c t ' s PA was then matched to his or her corresponding right and l e f t oblique
views ( f i l m triad) and re-rend several weeks later.Setting and participant*; The respiratory health of 652 workers exposed to refractory ceramicfiber was assessed as part of cross-sectional and longitudinal surveillance programs.Measurement* and re*iilt*: K Stati s t ic s for interreadcr and intrareader reliability between the PAview and f i l m triad methods were calculated. Sensit ivity, speci f ic i ty, and positive predictive valuewere assessed by comparing the initial cross-sectional study to the longitudinal study. The f i l mtriad method had considerably higher intemader reliability (K = 0459) compared to the PA-onlymethod (K » 0.44). Results from the initial cross-sectional study were then compared to f indingsevaluated longitudinally. The f i l m triad again was superior, demonstrating a positive predictive
value of 73.7% compared to only 47.8% for the PA method.Conclusion*; It is our recommendation that the f i l m triad method be used in surveillance studieswhere both parenchyma] and pleural changes arc anticipated. (CHEST 2001; 130:64-68)
Key words: pleura; precision; radiographs; reliability; sensitivity: s p e c i f i c i t y , surveillance
Abbreviation*! HRCT = higll-nsolution CT: FA • potteixantarior; RCF = refractory ceramic f i b e r

A bnormaJit i e s of the pleura are a common rnanJ-
•**• f e s ta t ion of asbestos exposure.1 More recently,
occupational exposure to refractory ceramic f iber
(BCF) has been shown to be associated with pleura]
plaques.*-3 Pleural plaques are areas of thickening of
the parietal pleura most commonly located at themidcostal area and posterior costal area and at the
dome of the diaphragm. The presence of pleunJcalcification is also described. Pleural plaques are
considered a marker of past exposure. '•4-7

Postcroanterior ( P A ) chest radiographs are gener-
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ally used in pulmonary surveillance programs for the
detection of pleural changes seen \vith asbestos
exposure. The extent of a pleural plaque can be
d i f f i c u l t to determine when using this view alone,
however, and pleural abnormalities can be confused
with fat deposition, bone shadows, and extrathoracic
muscle.*-8 The addition of a l e f t and right 45° oblique
view (hereaf ter referred to as a film triad) may
increase sensitivity by including lung surfa.ce not
seen tmgent ia l ly in the PA view.' °> I J

Variability in the interpretation of chest radiographs
has long been recognized as a serious bmitatiort in their
use. Though some of the sources of variability can be
controlled, such as f i l m quality ziul training of the
reader, others arc inherent to the reading of chest
radiographs and include age and weight of the sub j e c t s ,
location of the plaques, and type of abnormality. 12~"5

The interpretation of each radiograph is dependent on
the observer. Measurement quality can be assessed
through indexes of reliability (precision), validity (accu-
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racy) sensitivity, and specificity. If reliability (agree-
ment) among read^ i, low, then the usefulness rf the

t o ° lta qw»onae .
sources of variaMiiy ^ therefore, extremely importantin occupational health surveillance studies.

Due to a lack of consensus in the use of PA or f i l mtnads, and the large variability in the reliability ofprevious studies, the current ^ had tWQ /^
(1) to evaluate the percent detection and the in-
trareader and interreader agreement using PA viewsalone vs the f i l m triad for ident i fy ing pkuSl plaques,and (2) to determine the sensitivity and spec i f i c i ty ofthese two methodologies by comparing the f ind ing sof the positive change, ident i f i ed during an initialcross-sectional evaluation with the results a f t er mul-t i p l e f o l l ow-up visits in a 12-year longitudinal study.

M A T E R I A L S A N D M E T H O D S
"«* obtained « partth* inched &.^

« * ^̂  bmJv-d *•* *• «""»fa*w of RCFand RCF p»du«, "The study was approved by t f a e Int l tu tkmnl
Slf0"* 1 ^versify of CtadnnaH Medical Center..nfermed coMcnr was obtam^ f t ™ , j, ^^ ,-,„„,,

comnmmty were Ml*d to Mlnrnit
- .were obtained, they ^re sent to the<*Chlchr11 M«*c«J Onter and Aen mwked of nilK t e n b t y i n g information. Approximate ly 25% of the study radio-gnph, ^re c o n t r o l ' t^d f c™^ f i x ) r n indMdo^ ^h^j .

» ««« mrt b d l i t f a ."dtographs were interpreted independently by
° f * * 1960 Inter-rf or

/ lcored ft™ i <good) through 4(unreadable) by ^ B reade«, with their mediS^cL J f o r
of Bin. qunHty. Radiograph* rated 1. 2. or 3 were

»*--B~nt by ^ kast («. B) w« uied for recording whetner ornot a radiograph taboos tratcd a PWJ chaneev«ry f n ^, md c j d f y fl

TI» ^ dcf inK
.rul «d«rt of the t h f e f a m l r and

T * i ' P A
change in

f i^l . Then.,natd>ed w or her

to

the subject*1 damographio. medical, or occupation.] histeriw andto other radiologists' interpretations.
A K statistic was calculated to measure tnterreader agreementfor plwnU changes among die three readen, coiracting for thedegree of agreement that IK expected by chance ttlum:.1^1"Inrenwider reliabilities within e t i faer the PA or film triad viewingmethods wart determined in pairwtse reader oompuTiwns (suchas nsader l vj reader 2 for PA readings). lutrareader agreementwas cnmiTtcd by comparing each r e a d e r ' s PA radiogwpb int.r-pretatkm to his f i l m triad interpretation and by comparingagreement of r*o out of the three readers between methods. HieK values of the f o l l owing ranges were interpreted: < 0.40 equalspoor agreement, between 0.40 «nd 0.75 is moderate to good andbetween 0.75 and 1.0 is excellent agreement"' Agreement tfofdeviated from chance was tested by using dw x* statistic.Signi f i cant d i f f er ence s between intrtueader and interreader rdi-ubilities wviu tented using the "best test" of Dunn and C3ark» for

comparison of correlation c o e f f i c i en t s based on Fisher's z trans-formation. Due to the relatively low prevalence of plcunlchanges (3.1%), the proportion of spec i f i c agreement VWM used in
addi t ion to K,"-" The proportion of spe c i f i c agreement quantity
i* the conditional probability thmt the second reader will also
make an assignment tq the same category as a randomly selectedf irs t reader. & '

There were 652 current and former employed who had at least1 year of employment and who participated in the initial cross-sectional evaluation.3 After the initial evaluation, the subjects inthte study were Followed for approximately 12 yean, receivingradiograpbic cxamiiiationi ( f l b n M«b) approximately every 3years. The longitudinal analysis Included 755* of the originalcohort (n - 492) wbo bad both a minimum of 5 years of latency
since date of hire in a production job and wbo akn obtained twoor more f i l m triad evaluations. Of the 492 workers. 65. 149.228,38,10, and 1 worker(s) were evaluated two, three, four, five. six.or seven times, respectively. There fore , this longitudinal study
included approximately 1,750 Mm triad readings. Onc« a subjecthnd a positive reading by two of three readers, then the readingof that f irs t positive radiograph plu., «J1 subsequent iwd|ngs was
taken to d e f i n e case status for this longitudinal study.

R E S U L T S
For the initial cross-sectional testing period,

> 96% of the radiographs had a median qualityrating of 1 or 2, and no radiographs were ratedunreadable (score of 4). In the longitudinal study,
approximately 90% of the radiographs had a f i l m
quality rating of 1 or 2, and < 1% had a medianreading of 4.

Table 1 describes pleura! changes f rom the initialcross-sectional study, comparing each reader, the
median reading (two of three B readers), and eachmethod (PA only and the f i l m triad). Ninety-f ive
percent (19 of 20) of pleural changes were plaquesand will hereafter be referred to as plaques. Overall,the f i l m triad method had a 44% decrease in positive
radiograph readings compared with the PA-onlyviews, 9 vs 5, respectively ( T a b l e 1). For the mexianreading, 15 radiographs >verc scored as positive forplaques by two of three readen on both the PA viewand die f i l m triad ( T a b l e 1). The PA-only method
had K values ranging from 0.40 to 0.47, with an

CHEST/ 1 2 0 / 1 / JULY, 2OO1 85



>*>£. I O J . O 4 < > A L A N C W H I T E H O U S E

1—Plettral Plaque COM*, Detection KoUt, and Reader Agreement Statistic**

Variables
Reuderi
Header 2
Reader 3
Median (two of three

readers)
Intel-reader K values

Cases
( + ) P A

. 33
16
46
24

0.44

Cases
(+) F i l m Triad

SO
19
34
20

0.59

Cases ( - f ) F A
(+) Triad

13
12
24
I S

Cute* (+) PA(-) Triad
20
4

S3.
9

Case* (-) PA(+) Triad
7
7

10
5

Change
fnan fAtaTriadt

-65%+ 75%
-55%
-44%

lutnlreader
K Values

0.47
0.68
057
0.67

•Data uns presented iw No, (-) - negative; (+) - positive.
t Percentage change determined is (cohimn 5 - column 4)/caliinui 5 x 100.

overafl K of 0.44, and the f i l m triad method hodhigher KS ranging from 0.50 to 0.67, with an overall
K of 0.59. The f i l m triad method indicated animprovement of approximately 34%.

N e x t , we examined intrareader reliabilities by
comparing each reader with themselves across thetwo methods (eg, reader 1 PA view vs reader 1 f i l mtriad). The percentage of change of the detectionrates by reader from weir PA-only reading compared
to their f i l m triad method is also shown in Table 1.When comparing positive readings on the PA view
and f i l m triad methods for readers 1, 2, and 3, theirintrareader reliability K values were 0.47, 0.68, and
0.57, respectively. The K for die median reading (two
of three readers) was 0.67. Reader 2 had the lowestplaque detection rates, the highest between-methodreliability, and was the only reader with an increasein plaque detection from the PA-only method to the
f i l m triad method. Because a small proportion of the
s tudy population had positive readings, supplementalproportion of spe c i f i c agreement values were calcu-lated 1 8 and were comparable for both interreader
and intrareader reliabilities. When comparing overall
interreader reliabilities, the PA-only view had alower reliabil i ty (K = 0.44) than die f i l m triad
(K = 059), and this d i f f e r enc e was stati s t ically sig-nificant (p value < 0.001).Using the results of the longitudinal f o l l ow-upstudy as the "gold s t a n d a r d , ' * we then evaluated the
sensitivity, sp e c i f i c i ty , and positive predictive valuesof die cross sectional analysis of the PA view vs f i l mtriad methods. As shown in Tabl e 2, in a comparison
of positive radiographs from the cross-sectional studyto die longitudinal study, the sensitivity of the PAradiograph was 64.7%, the s p e c i f i c i t y was 97.5%, andthe positive predictive value was 47.8%. Using thesame comparison for the f i l m triad, the sensitivitywas higher at 82.4%; the s p e c i f i c i t y remained high at
98.9%, and the positive predictive value also in-creased to 73.7%.

D I S C U S S I O N
In the current cross-sectional study, the additionto the PA radiograph of a right and l e f t 45° obliqueradiograph (film triad) decreased the number of

positive cases from 24 to 20. The interreader reli-
ability increased from the PA radiograph to the f i l m
triad from K = 0.44 to K •" 0.59. The intrareader
reliabilities were moderate, with an overall * of 0-67.
When comparing the cross-sectional results to thelongitudinal study, the sensitivity, spe c i f i c i ty , and
positive predictive values were all superior in thef i l m triad method. Based on these calculations, the
f i l m triad is a more valid and reliable method than the
PA view alone under conditions found in our study.

T a b l e 3 summarizes previous studies of the reli-
abil i ty and validity of both PA radiographs and f i l mtriads used for surveillance studies. These previous
studies demonstrated wide variations in interreader
and intrareader agreement, with K values rangingf rom 0.06 to 0.83. In contrast to the current study,Sheers et al,88 Baker and Greene," and Reger et al23

demonstrated that the f i l m triad method increasedthe number of positive f i n d i n g s by 6.2%, 44%, and

Table 2-^Sen*ttfc>*y and Sp*cWct ty of the FA andfOm Triad A f « f c o d t *
Longitudinal S t u d y

C now-sectional
PA l i l i n s t

Positive
Negative

F i l m hiuill
Poj i t ivu
Negative

Positive
(n - 17)

11a
14
5

N c p t t v c '(n - 475)

12
483

5
470

TouJ
(n - 492)

23 +
469

I f l +
473

*£>ata arc presented us No.
tScnsi t ivi ty - li of 17 (64.7*h s p e c i f i c i t y « 463 of 475 (97.5%);positive predictive value » 11 of 23 (47.8%).
tScnri t iv i ty = 14 of 17 ( f t L 4 * ) j s p e c i f i c i t y - 470 of 475 (98.9%);positive predictive value = 14 of 19 (73.7%).
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Table 3-ConpttHaon. of J U o d t r Reliability t / n f r i g FA and OMfcpm Film* in the Published
Mrthndnlop D«ii|*ve Roulb

Source
Wind S u b j w t a u d Dotacrinn of Intenvxlcr

(Wider HlStoijr Cmrtmln. No, PA and FT. % tfJTt
Irtrradcr

P A / F T r t l n i . , 1 Onnjnnie

Parker e tu i (1999)"

Boui t c oor tJ f!9«J»

M i i K h «t al U8BS)«

Fronton «»IUBW»«»
Sheers* n l ( 1 9 7 S ) *

bfccr tuki CraeiMF
(1981)"

13

sWrmmi et J (JtNW)10

is,o

M.3

0

si!
28
26

39
S B
5
I B

Vetr«
YB

Y«
Yd

Ya

V« 553 and C
T« S 8 3 « n d C
Yc* t« «id 24 C

3»Z«1351 C
Yet 421

100

D l S f f
0.39
OST VXHaOJK
O.IW O M t o M l
0.13 to 0.44 aiStoO.75

Hmnl phqw by tttfnUty
Any I
I H q i h m p n W m n n i M l H M
Mmml adoMadon

o.(M to 0-40 Ptairal Urichmtac

PA- 43 Ott Uuilatoral vd Mbcnl pleunl
thtdwnhig

h T - H S
P A - 1 2 J I O J 3 P A 0 1 9 F T O A ? A A 7 3 r T Phiunl phqga
F T ' - » . 0
FA - 23.il

•FT •* f i l m Uixt C -
tPoar f i l n de f ined M nnr»d»Wc.-.

< 0.40 = j»nr •ffrxmnb 0.40 rf it <• 0.75 - moduretc to jr«vi i f fr erovmb K =• 0.75 »

103%, respectively. Sherman et al,10 however,
showed it to decrease by 19%. K Values also wriedwith the type of abnormality being examined Al-
though Reger et al23 had an increase in detection,the interreader agreement decreased by 30% for thef i l m triad, from K - 0.33 to K - 0.23. Only 24.5%(SSS of 2,266) of the radiographs in that study had aquality grading of acceptable or excellent.

F i l m quality is highly subjective and has beenfound to be inversely related to the d i f f i c u l t y thephysician encounters in interpreting the radio-graph.24 The current study had excellent f i l m quality,
indicating that with high-quality f i l m s , the f i l m triad
is pre ferable over PA view alone. As with the currentstudy, previous studies with better agreement appearto use more experienced B readers, good f i l m qual-ity, and control radiographs.

Another reason for the wide range of agreement inprevious studies is the use of too few or newlycert i f i ed B readers. Musch et al l s used three Inde-pendent B readers, f i l m quality grading, and exclu-sion of unreadable f i l m s to achieve high reliabilityvalues ranging from 0.52 to 0.75, similar to thosefound in our study. Ducahnan et al13 also found that,of 23 readers, the "expert" interpreters (National
I n s t i t u t e for Occupational S a f e t y and H e a l t h B-reader course instructors) diagnosed fewer abnor-
malities than did other readers.

Though the current study indicates that the film
triad method is superior to the PA view alone, bothmethods s u f f e r from limitations inherent to radio-
graph technology. Findings on the chest radiographhave been found to be normal on 10 to 20% ofpatients with asbestos!*,** and 11% of patients withno occupational asbestos exposure were found tohave abnormalities that might have been interpretedas asbestosis.2" Thus, some cases will go undetected
and some will be f a l s e l y identi f ied as positive. CT
and high-resolution CT (HRCT) are both considereddiagnostic "gold standards." CT and to a lesser extentHRCT have higher radiation exposure and financial
costs and are traditionally used as fo l low-up onsubjects who had positive clinical f indings but nor-mal or unclear radiographs.27 These increases inradiation exposures and costs are not now regardedas acceptable fa a screening program where most
individuals are anticipated to be disease free. If thesurveillance program included primarily high-risk
subjects, however, then CT/HRCT could be consid-ered for its superior accuracy.

C O N C L U S I O N
Given our f indings and the stated considerations, it isour recommendation that f i l m triads are the preferred
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method for chest radiograph surveillance studies. Dil-
igence must be maintained, however, to ensure high
standards for radiographs and selection of only experi-
enced B readers. In addition, die study team mustmaintain a high rate of participation in fo l l ow-upstudies in order to minimize bias in die f indings.
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